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11A52 Features and Functions 


Features 


Functions 


e DC to 600 MHz bandwidth (in 11402) 
e Dual trace 


e Calibrated sensitivities from 1 mV to 10 V/division 


© 50 Q input impedance 


e High-resolution, calibrated DC offset (0.25 division/increment, coarse; 0.025 
division/increment, fine) 


e Fast overdrive recovery 


Signals applied to the CH 1 and CH 2 input connectors can be displayed or 
removed from the display by pressing the display on/off buttons adjacent to the 
input connectors. 


All other 11A52 functions are controlled through the host mainframe. Such 
mainframe-controlled functions are: 


e Sensitivity, Coarse and Fine, over a range of 1 mV to 10 V/division. 
e Vertical Offset. 

e Coupling: AC, DC, or Off. 

e Bandwidth Limit: 100 MHz or 20 MHz. 

e Display Polarity: normal or inverted. 

e Trigger Polarity: normal or inverted. 


¢ Combination of Display Channels: see Operating Information section of 
mainframe User's Reference manual. 


@ Combination of Trigger Channels: same as Display Channels; Operating 
Information section of mainframe User's Reference manual. 


CTT) 
k= 


ul 
Wil Ts 


Fin TT \ 


aii 


Contents 


Part 1—General Information 


SOCIAL FAIS saiisnrstycsivniniensecnsneeinsinuntinsssioneiniiiasabiie aeolian 1-1 
ONTGNIS OF TS SUD DICINONE  siiisseincsssscascasvavsisnennsiwceddicanubsexenteatansansaeeriien 1-1 
TEP e DOTS DIGI iis cits cts iciarencinansniinceiainlenennennieeintakineetateeniniaitn 1-2 

Plug-in to Mainframe Compatibility...................-sccscccssccssccssscesccssccsscesceescs 1-2 

PUI TERI iso cinta va accu savinnssinnianinninntentinnonnineveiiactinanilaaeninseani 1-2 

CODETARNE TOMNDOTATING: saciiscivesstcssiassinesdin chris ennneaeiineisinen 1-3 

Installing and Removing the 11A52..............ccsccsccsssssscesssscssscsccesccsessccescsooeees 1-3 

DASE CO ica inincs iestvteciecinvnnitsasnmnaestiacntehinrennnniomenpenianieimenisieaeene 1-4 

PACKBOINE TOP SIDI cstisssistineriscnicnnpiinisseninninsisiinnaeiennatin 1-5 

Part 2—Operating the 11A52 in 11301 and 11302 Mainframes 

RE as cients reanranin sah nsie vier ne erent 2-1 

Selecting Coupling and HF Limiit....................ccccssscssssccscscccsscccscscessccecsesoeeees 2-1 

I le ate icriivertnpckai canna vanunbisamuancasebetaiciiy ndnanasevintieasniestinuaaianaancneabhane 2-2 

I i Se itiditeeietnaisterctinenirerieeinoniiennain 2-2 

AE BUG i ahntirneaprvaabibanscn ibienecanakebensiaperiicseaimaneneAaaiiaaeaicureiaeeenninniiaes 2-3 

Si cet RN acketulentdibeintinlenieineie ane 2-3 

Adding and Subtracting Waveforms. .............s.ssssccccscsssssccsssescccsssccesssceccessocees 2-5 

PEE eT esi thier enieeiscteederndiisaminannnainienntiaiane 2-5 

Pe Sa NE aise vtsinbinincesnwiusieatavcininhe eel ineahiiatidirietaa terrae aad eannsed idl eeaieaeanenens 2-6 

PE Feist ien ieee iene 2-6 

UE Bi Actvessiinvinkesesnninrssnioiei dntesoneniin psaheieieineltieebeaniaannneaabisaeemennddiis 2-6 

PONt-P ONG) EEO MeCSSR OCB i cinisisicsnssinncestinxnsereasinnsunecedeemnsesastsansieamesianiniecens 2-7 

GPIB and RS-232-C Commands and Synitax............sssccccsssssssescsccsscecresceeeseseees 2-8 

Part 3—Operating the 11A52 in 11401 and 11402 Mainframes 

RPMS SRE Caitikecvinintnntuien sata niaiciieainneiniednesandi nagitadaaanreaisaeecnaeinE 3-1 

GP RR a ircceni cca eet ana iad nied aia plenty oimiedeNeaneaemeemmabateL 3-1 

ICE 5 A iieorisesianaeisinsreennaelasivetsneniccinniaeaa eae 3-2 

BEE Bee risiecuhhaeeansencinuisihiskahiseteenpsanantiaienass ened ania teneeeniainenlinninanen 3-2 

Stic Gee GtnR FANE rabedcaeiianisoiaeie shin in niiainaaniaianniaibenaideenanseneseanieeanaatinieNs 3-2 

Adding and Subtracting Waveforme................cscsscccsceccccsssscrsscecssscrsccesssccoeees 3-4 

RPE VO FE Vi rsiiritarscennsrion ti andseenaeeanaaeeaininteaheteneen 3-5 

Pr Sek Ee POs onieedcnslehanadaneun thas ned vninsaienuueaendsaaeeehionacerekisiaal banned uewicciaadeds 3-5 

PS FR ti ditlasa cnbadsasiseetnuiaeia ikea ni deamrrsieniibansvenanieciainniciabidcdbeh nie 3-6 

PN Ral aa hice nksiidachabendibananineucebanancdinhbenbaekanaeda dese aibea ominiaianiadiinesiiamesbidied 3-6 

PROTEAT ANGEL EITOR NICSSR GCG ccs sissccassarcrcaiccievsnonniinberesaiaesiarasesenbaeuiansteinnanseess 3-7 

GPIB and RS-232-C Commands and Syntax................csssscccscccssceesscerscceesseeeens 3-8 

Part 4—Specification 

POTIOHINANICE CONGO SE cscicicseniads innit 
PACCICAl A. ATACIEHS OCS rinsed 4-1 
Environmental Characteristics...........:.ccscscserssocscesccsccvesscesscescnssonssoessosesss 4-7 
VEAL SIC vscirinnisiniacieiisaanienisssixeennenianndsinatnaninnione: 4-8 

SERENE Foss eitisdynncieintinenasiniancnnin naaloniiiaannnnntanieninuaene 


1152 User's Reference Supplement REVFEB1987 11A52 1 


Contents a 


ll 


~11A52 REVFEBI907 


Part 5—Incoming Inspection and Performance Verification 


Performance Verification using 11401/11402 Oscilloscopes.........cccsssccessceceeees 5-1 
Common Mode Rejection Rati0..............csccsssscsssccesccesscccssccscsscrosccesccoeeeens 5-4 
Bandwidth Limit Filters..............ccccccssccsscecccsesccesees iiedieniakaibcesmneiauiae Rein 3-6 
Optional Level 1 Probe Test...............ccccccssssccccesccccesceceeeecsscreesccsccessscresones 5-8 
Optional Level 2 Probe Test..............csssccccsssccccssccccenscccesscccesesceosceeseessccees 5-9 
EAE Bid CANT OIE  aricssivennisnnscnicasscanersennncnstisesonsanninntaininsetiasmniatansiastenin 5-10 
Input Disconnect Time and Threshold................sccccsscscseecsesseccssscesceccescees 9-11 
Low Frequency ReSpomse.............cccccssscsscsccccccscccscccescceeccceecsceeesccescccesscees 9-14 
COVGRALIVE RCO VCE isis senceisncsisciscersesstennteaniaisienanennestanipeniniiaeeedas 5-15 
Transient Response with Bandwidth Limits..............scccccecccesscessseresceesees 5-18 
RIS PI OG inseriisisndisinnniansianeinnsineimnemneineetaapeA 5-19 
FS ORR cites casi niecirai i nln nein neaaleaninbe eens aiieieaiicciieetiininin 5-20 
INPUT ROSISTANOG sisi siviicssnssevessasessnnasnnicnnantanerastinseieweiensenscomineapnabnnnedenss 2-22 

Appendix A—GIoSSAaLy..................:ccccssccceseccssecssssecesecsessssesseeesssseeseeees A-1 

Appendix B—Instrument Documentation ......0....... eee eeeeee eens B-1 


11A52 User's Reference Supplement 


farari 


ee 


Illustrations 


Tables 


Installing a plug-in unit in a mainframe OscillOSCOPE...............cececceeceeees 1-4 
Location of AC coupling capacitors in plug-in amplifiers...................006 2-3 
Location of AC coupling capacitors in plug-in amplifiers....................+6. 3-3 
Sequence of decisions used to select a new waveform in 

TESDONSE tO PODS TD DUMON iiwssscsiosssssissciiosscnssscenascsesavassessecnceonssacneesends 3-7 
PDUMICTISIONS OF 112 sere vce csscesessutesscsceeasaunedceacussnsi casas sucsueeseisecsassesseaec ao 
Input voltage before and after GisCONMECE...............cecccccsesccecesccescessceees 5-13 
Functions And Where They Are Described.............sscccseccoescessccnsccneesonens 2-2 
Functions And Where They Are Described...............ccccccsscscsscceceescesceesees 3-1 
Electrica) CRATACETISUCS cccicisscinacicctestinniimnneniminmnininemimen 4-1 
Environmental Characteristics.............cccscccsccsscssccscccsccsccssscscecsccesseessees 4-7 
Physical Characteristics.............cccccccessscessccescsccccesseccececescccsensssecseseeses BO 
Allowable Divergence from Center Graticule Line..............cccsssccrsseseees 5-16 


11452 User's Reference Supplement REVFEB 1987 11A52 iii 


Part 1 
General Information 


Technical Manuals 


This Supplement to the User's Reference manuals is a standard accessory to the 
11A52. An 11A52 Service manual! is also available. 


Contents of this Supplement 
This Supplement contains the following five parts: 


Part 1—GENERAL INFORMATION, describes mainframe to plug-in unit 
compatibility, explains how to install and remove the 11A52 from a 
mainframe, outlines any options available for the 11A52, and gives details 
about packaging for shipment. 


Most 11A52 functions, and how they are operated, are described in the 
Operating Information section of the mainframe User's Reference manuals. 
Such functions are those that are common to all amplifier plug-in units. 
Examples of common functions are position, sensitivity, coupling, and 
bandwidth limit. Only those functions unique to the 11A52-11301/11302 or 
11A52-11401/11402 combinations are explained in the following parts. 


Part 2—OPERATING THE 11A52 IN 11301 AND 11302 MAINFRAMES, 
explains how to operate those 11A52 functions not covered in the 11301 and 
11302 User's Reference manual.! 

Part 3—OPERATING THE 11A52 IN 11401 AND 11402 MAINFRAMES, 


explains how to operate those 11A52 functions not covered in the 11401 and 
11402 User's Reference manual. ! 


Part 4—SPECIFICATION, gives detailed specifications of all 11A52- 
mainframe oscilloscope combinations. 


Part 5—INCOMING INSPECTION AND PERFORMANCE VERIFICATION, 
gives methods of verifying that the 11A52 meets its specifications. 


1Refer to the Instrument Documentation page at the rear of this Supplement. 
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Technical Manuals 


The 11 A52 Service manual is for use by qualified service personnel only. To 
avoid personal injury, do not perform any service other than that 
contained in the Operator's manual unless you are qualified to do so. Refer 
to the Operators Safety Summary and Service Safety Summary before 
performing any service. 


11A52 Service Manual 


The 11A52 Service Manual contains the following information: 


Section 1—GENERAL INFORMATION. 


Section 2—THEORY OF OPERATION. 


Section 4—PERFORMANCE VERIFICATION AND ADJUSTMENT. 


clipart i 


Section 5—INSTRUMENT OPTIONS. 
Section 6—REPLACEABLE ELECTRICAL PARTS. 


Section 7—SCHEMATIC DIAGRAMS AND CIRCUIT BOARD 
ILLUSTRATIONS. 


Section 8—REPLACEABLE MECHANICAL PARTS. 


Plug-in to Mainframe Compatibility 


The 11A52 is designed for use in the 11301, 11302, 11401, 11402, and future plug- 
in mainframes. 11A52 bandwidth varies depending on host mainframe. 

Details about bandwidth are included in Part 4, Specification, of this 
Supplement, and in the Tektronix Corporate Catalog. Refer to the Tektronix 
Corporate Catalog for complete compatibility information. — 


Initial Inspection - 


This instrument was inspected mechanically and electrically before shipment. 

It should be free of mars or scratches and should meet all electrical 

specifications. To confirm this, inspect the 11A52 for physical damage incurred 

in transit. Instrument performance may be verified by using the procedure given 

in Part 5, Incoming Inspection and Performance Verification, in this User's 

Reference Supplement. If you find damage or deficiency, contact your local — 
Tektronix Field Office or representative. 
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7 Operating Temperature 


The 11A52 can be operated where the ambient air temperature is between 0° 

and +50° C and can be stored in ambient temperatures from —40° to +75° C. After 
storage at temperatures outside the operating limits, allow the chassis to reach 
operating temperature limits before applying power. 


Installing and Removing the 11A52 


To avoid instrument damage set the mainframe ON/STANDBY switch to 
STANDBY before installing or removing the 11A52. 


When installed in any 11401 /11402 plug-in compartment, or in the 11301/11302 
left or center plug-in compartment, the 11A52 will provide a conventional 
display. 


When installed in the center or right plug-in compartment of the 11301 /11302, 
the 11A52 will also provide the X (horizontal) part of an X-Y display, or 
provide a trigger signal for the mainframe time base. 


To install the 11A52 in any 11000-series oscilloscope mainframe, set the 
mainframe ON/STANDBY switch to STANDBY. Align the grooves in the top 
and bottom of the 11A52 with the guides in the mainframe plug-in 
compartment, then insert the 11A52 into the mainframe until its front panel is 
flush with the front panel of the mainframe. 


To remove the 11A52 from a mainframe, set the mainframe ON/STANDBY 
switch to STANDBY. Then pull the release latch (see Fig. 1-1) to disengage 
the unit from the mainframe, and pull the 11A52 straight out of the plug-in 
compartment. 
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Installing and Removing the 11A52 


TOP GROOVE 


RELEASE 
LATCH 
C5922-101 
Figure 1-1. Installing a plug-in unit in a mainframe oscilloscope. 
Instrument Options - 


Option 25 includes two P6231 probes. 
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Packaging for Shipment 


If this instrument is to be shipped by commercial transportation, we recommend 
that it be packaged in the original manner. The original carton and packaging 
material can be saved and reused for this purpose. 


— NOTE 


Package and ship plug-in units and mainframes separately. 


If the 11A52 is to be shipped to a Tektronix Service Center for service or repair, 
attach a tag to the instrument. On the tag, include the following information: 


e Name and address of the instrument owner; 


e Name ofa person at your firm who can be contacted about the instrument; 


-_ ¢ Complete instrument type and serial number; and 
e A description of the service required. 

7 If the original package is not available or is not fit for use, package the 11A52 
as follows: 

— 


1. Obtain a corrugated cardboard carton with inside dimensions at least six 
inches greater than the instrument dimensions. Use a carton with a test 
strength of at least 200 pounds. 


2. Fully wrap the 11A52 with anti-static sheeting, or its equivalent, to 
protect the finish. 


3. Cushion the 11A52 on all sides by tightly packing dunnage or urethane 
foam between the carton and the instrument. Allow three inches of 
packing on each side. 


4. Seal the carton with shipping tape or with industrial staples. 


5. Mark the address of the Tektronix Service Center and your return address 
on the carton in one or more prominent places. 
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Part 2 
Operating the 11A52 in 
11301 and 11302 Mainframes 


Display On/Off 


The 11A52 has only two front-panel controls—the display on/off buttons. 
Pressing a display on/off button will cause its channel, and signal, to be 
displayed or removed from the display (the function "toggles"). When a 
channel is displayed, its label (CH 1 or CH 2) will be lighted. 


Selecting Coupling and HF Limit 


To select the desired setting for Coupling and HF Limit proceed as follows: 


la. Ifno trace is displayed, press any plug-in display on/off button to create a 
trace. 


1b. If several traces are displayed, select a channel by touching the desired 
trace description at the top of the crt. 


2. Pressany VERTICAL button —- OFFSET, SIZE, or POS. This button-press 
will cause the Control Menu to be displayed. 


3. Touch the desired function's label. Successive touches will change its 
state. 
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Other Functions 


Other 11A52 functions are controlled within the 11301 or 11302 mainframe, and 
their operation is described in detail in Section 2, Operating Information, of the 
11301 and 11302 User's Reference manual. Table 2-1 shows where to find 
information about operating the 11 A52. 


TABLE 2-1 
Functions And Where They Are Described 
Function Described Under Heading 
Offset, Waveform Acquisition: Vertical Menu; or for X-Y 
Size (V/div) Display: Horizontal Menu. 
Display 


select+Ch1,+Ch2 = | Waveform Acquisition: Waveform Menu. 


Polarity Waveform Acquisition: Waveform Menu. 
Trigger Selection Trigger Source Major Menu. 
and Polarity 


Position and Offset 


‘11A520 


The 11301 and 11302 oscilloscopes assign position control to the Left Control 
knob by pressing the VERTICAL POS button. The Vertical Position control 
moves the trace as a user convenience. For example, when displaying multiple 
channels it may be desirable to set ground references for each trace on separate 
eraticule lines. Position is a screen-related function; its units are divisions. 


The offset function, accessed by pressing the VERTICAL OFFSET button, 
subtracts a precision voltage from the input signal. Changing offset moves the 
trace just as does the position control. However, if the deflection factor is 
subsequently changed, the effect is different. 


Changing the sensitivity will increase or decrease the size of the display 
around some screen level (e.g., two divisions above graticule center) set by the 
Position control. When using a sensitivity that makes the displayed waveform 
larger than the screen, the Offset control is used to bring the waveform area of 
interest to the screen location established by the Position control. 


The Position control has a range of plus and minus four divisions from graticule 
center, but the Offset control has a range defined in volts. Offset can be as much 
as 1000 divisions at 1 mV/division. The Offset control range is one volt for all 
sensitivities from 1 mV to 99.5 mV /division, but increases to 10 volts for 
sensitivities from 100 mV to 995 mV/division. For sensitivities from 1 volt to 10 
volts/division, Offset control range increases to 100 volts. 
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HF Limit 


Position and Offset 


The 11A52 attempts to maintain the user-selected offset voltage even though 
the offset range changes due to a change in sensitivity. An offset voltage of less 
than one volt will be maintained as the sensitivity is changed over the entire 
range of 1 mV/division to 10 V/division. A selected offset of greater than one 
volt is beyond the offset range for the most sensitive settings and will be reset to 
one volt when the sensitivity is increased to any value between 99.5 mV / 
division and 1 mV/division. 


Two four-pole (24 dB/octave) bandwidth limit (low-pass) filters are available 

for each 11A52 channel. The purpose of these filters is to reduce the amplitude 

of unwanted noise or interference occurring at frequencies above the frequency of 
the signal of interest. The user has a choice of cut-off (-3dB) frequencies, either 

20 MHz or 100 MHz, independently for each channel. The trigger, auxiliary 
trigger, and display signal bandwidths for a channel are always the same. The 
auxiliary trigger is the signal sent to the right plug-in compartment. 


DC Circuit Loading 


AC Coupling capacitors are connected differently in the 11A52 and 11A71 than 
in the 11A32 and 11A34. Figure 2-1 shows this difference. 


CH 


500) 
11A52, 11A71 


§002 
11A32, 11A34 


Figure 2-1. Location of AC coupling capacitors in plug-in amplifiers. 


C5922-203 
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DC Circuit Loading 


In the 11A52 and 11A71, the coupling capacitor isolates both the input 
termination and the amplifier from external dc voltages. Avoid inadvertently 
selecting Dc Coupling if your circuit will be damaged by the resulting 50Q 
termination to ground. See Caution below. The coupling capacitor in the 11A32 
and 11A34 does not isolate the input termination from external dc voltages. 


When Ac Coupling is selected, the 11A52 coupling capacitor allows the user to 
test low-impedance circuits that are elevated in potential by up to 100 volts dc 


without loading the circuit at dc. Passive attenuating probes such as the P6056 | 
or P6057 eliminate the dc loading and lower the low-frequency —3 dB point. 
In the Off coupling mode the ac coupling capacitor precharges in about three _ 


seconds to the average dc voltage of the circuit being tested. Always use the 

Off mode when connecting the 11A52 input to a circuit that may have more than 
25 volts (the 11A52 peak input voltage rating) present. This will precharge the 
coupling capacitor. Wait a few seconds before selecting Ac Coupling. 


The coupling capacitor is discharged upon removal of the external circuit. 


Always use caution when working with voltages in excess of 25 volts. 


When the input coupling ts set to Dc, a 502 termination resistance ts 
connected directly from the 11A52 input connector to ground. Take care 
that the circuit connected to the 11A52 input will not be damaged by the 

5022 load. 


Two ways of unintentionally invoking Dc Coupling in the 11A52 are: 


1. Invoking Autoset, because the Autoset process starts by searching for 
a dc voltage, and -— 


2. Recalling a stored control setting that dictates Dc Coupling. 


Switching coupling to Dc when more than 25 V is present at the 11A52 
input will exceed the peak input voltage specification, and may damage 
the 11A52 input relay. A damaged relay could cause an error in 
calibration. 
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Adding and Subtracting Waveforms 


NOTE 


Before adding or subtracting waveforms, check that each channel's 
display is independently on screen. 


The 11301 and 11302 allow the addition or subtraction of any two channels. Two 
channels within one plug-in unit may be added, or one channel may be added to 
a channel from another plug-in unit. A simple restriction applies. Each 

channel must be in its linear operating range. This is assured if each channel 
separately is within the screen area before addition or subtraction. 


Those portions of a trace which are off screen will not be valid when brought 
back on screen using another channel's input signal or Offset control. This 
general restriction applies to any dual-channel oscilloscope. 


Overdrive Recovery 


Overdrive occurs when any 11A52 channel is driven out of its linear range of 
approximately +15 divisions. 


The 11A52 has extraordinarily good overdrive recovery, and this feature may 

be used to greatly extend measurement resolution. For example, suppose a signal 
changes from -1.7 V to +0.8 V in 1 ns. The 11A52 could be used to determine if 
the signal stabilized immediately at +0.8 V or if perhaps had some small 
aberration following the transition. By setting the 11A52 offset to +0.8 V and 

the sensitivity to 1 mV/division, aberrations of just 0.1% of the original 

transition will be 25 divisions in amplitude (0.1% of 2.5 V is 2.5 mV or 2.5 
divisions at 1 mV /division). 


Any amplifier will ultimately reach an equilibrium value after an input step 
(although its accuracy will determine how far that equilibrium value is from 
the correct value). The 11A52's ability to settle quickly to within a very small 
fraction of its equilibrium value is exceptional. The time it takes the 11A52 to 
settle to within a stated fraction of the equilibrium value is its overdrive 
recovery time. , 


Measuring the overdrive recovery time of an 11A52 takes some care and can 
lead to some surprising results. An interesting experiment Is to use a very flat 
pulse generator, such as the Tektronix PG 506, to pulse the 11A52. Connect the 
generator's fast-rise output to the 11A52 input through a short (one foot or less) 
coaxial cable. Adjust the pulse amplitude to 1 volt. Set the 11 A52 sensitivity 

to 1 mV/division. Each division now represents 0.1% of the input signal. 
Trigger the oscilloscope and observe the recovery of the 11A52 using 50 

ns/ division sweep rate. Now increase the cable length by about three feet (for 
example, use a 42-inch length of RG-58 cable, Tektronix part 012-0057-01) and 
observe the new waveform. 
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Overdrive Recovery 


The waveform change is due to skin effect loss in the longer cable. What is 
surprising is that the skin effect loss persists for over 200 ns even though the 
total cable delay is only 5 ns. At 400 ns the loss is still 0.02%. The only way to 
eliminate all skin effect loss is to connect the PG 506 directly to an 11A52 input 


connector. 


This experiment shows the importance of using a short cable to test overdrive 


recovery. 


5002 Overload 


When the input voltage substantially exceeds 5 Vrms, the 11A52 will sense the 
overload and disconnect the 50 Q input termination. The mainframe will 
display the message: "Input channel N overload on LEFT /CENTER/RIGHT 
plugin," where N = 1 or 2. 


To reconnect the 50 Q input termination, first correct the overload condition, 
then select Ac or Dc from the Coupling menu. 


Active Probes 


Using an active probe, such as the P6231, eliminates the possibility of Ac 
Coupling. Coupling options available when using such a probe are Off and Dc. 


Probe ID 


2-6 


The Probe ID part of the Utility Menu is the means of selecting how the 11301 

or 11302 responds to the ID button of recommended probes. All or some 
combination of the following operations may be set to start in response to probe 
ID buttons. To display the Utility Menu, press the front-panel UTILITY button. 
For details, see the Probe ID part of the Waveform Acquisition subsection in the 
11301 and 11302 User's Reference manual. 


Pressing the probe ID button can initiate one or more of the following 


operations: 


1. Presenta new display, or if that channel is already displayed, "select" 
the existing trace. Pressing the ID button of a probe connected to an 
undisplayed left or center compartment channel will cause that channel to 
be displayed, unless doing so would exceed the maximum number or traces. 
Unlike pressing the 11A52 display on/off button, pressing the probe ID 
button a second time will not remove the display. 


Probe ID button-presses for displayed channels will do two things: a) 
select the trace(s) using this channel, and b) momentarily brighten all 
traces using this channel. 
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Stones 


Probe ID 


Stored settings can be sequentially recalled. Pressing the probe ID button 
can cause a sequential recall of stored settings. The stored settings feature 
must be enabled using the Probe ID Utility menu. Settings must be stored 
as explained under STORE/RECALL Major Menu in the 11301 and 11302 
User's Reference manual. 


The mainframe can "Autoset" to accommodate the input signal introduced 
by the probe. The Autoset option can be enabled or disabled using the 
Probe ID Utility menu. Autoset is the automatic setup of vertical 

deflection factor, triggering, and sweep speed to produce a meaningful 
display, e.g., two to five divisions of vertical deflection and two to five 


repetitions of the input signal. For more information, refer to Autoset in 
= the 11301 and 11302 User's Reference manual. 


4. The mainframe can automatically measure the selected trace. Automatic 


measurements of the selected trace can be initiated by pressing a probe ID 


button. The Automatic Measurements feature can be enabled or disabled 
using the Probe ID Utility menu. Such measurements are peak-to-peak, 
maximum, middle, and minimum voltages; frequency, period, pulse width, 


and duty cycle. For full information about automatic measurements, see 


Measure in the 11301 and 11302 User's Reference manual. 


). An interrupt to the GPIB and RS-232-C can be generated. Pressing a probe 
ID button will cause the mainframe to produce an SRQ to the GPIB and RS- 


232-C. For more information, refer to the GPIB/RS-232-C part of the 11301 
and 11302 User's Reference manual. 


Message: 
ame 

Cause: 
al 

Message: 

Cause: 

Message: 
— Cause: 
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Front-Panel Error Messages 


Internal DAC overflow on channel N of LEFT, CENTER, or RIGHT 
plug-in unit, where N = 1 or 2. 


some plug-in unit detected that a requested setting overflowed an 
internal DAC. Such overflow usually indicates defective 
hardware. In this situation, the plug-in unit sets the DAC to the 
limit nearer the requested setting. 


Bad Level 2 probe checksum on channel N of LEFT, CENTER, or 
RIGHT plug-in unit, where N = 1 or 2. 

Some plug-in unit detected that a Level 2 TEKPROBE had failed 
or been improperly connected. | 

Requested coupling not available on channel N of LEFT, CENTER, 
or RIGHT plug-in unit, where N = 1 or 2. 


some plug-in unit had a Level 2 probe, capable of offset, connected 
when either Autoset or Probe Cal was invoked. 
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GPIB and RS-232-C Commands and Syntax 


The following commands set parameters of a specified channel. 


Header Link Argument 


CH<L1, L2, C1, COUPLING: AC|DCIOFF 
C2, R1 or R2> 


= 


Resolution Step Size 
Volts/div Offset | via RS-232-C, GPIB, via front-panel 
Risen ale or Numeric Entry Control knob 


1 mV to 99.5 —Tinv10995mv +] Hv 25E-6 
100 mV to 995 mV +10 V 250E-6 


1Vtol10V +100 V 2.5E-3 


BWHI: <NRx> 
<24E6 


>24E6 to <120E6 
>120E6 


SENSITIVITY:! sain 
1E-3 to 1.99E-3 
2E-3 to 4.98E-3 
5E-3 to 9.95E-3 
10E-3 to 19.9E-3 
20E-3 to 49.8E-3 


SOE-3 to 99.5E-3 
100E-3 to 199E-3 
200E-3 to 498E-3 
SO0E-3 to 995E-3 
1 to 1.99 

2 to 4.98 

5 to 10 


<qstring> (query only) 


eee 0.25 div. 
{ Fine 0.025 div. 


HF Limit 
20E6 

100E6 
350E6, 11301 
400E6, 11302 


Impedance 
50 


Resolution 
(step size) 
10E-6 
20E-6 
S0E-6 
100E-6 
200E-6 
SOOE-6 
1E-3 

2E-3 

SE-3 
10E-3 
20E-3 
S0E-3 


The 11A52 answers a units query with a 
units status message, which indicates 
the units of conversion of a probe 
connected to its Ch N input. 


1 The numbers listed are valid only at the input connectors.Connecting an attenuating probe will 
change the value by the probe attenuating factor (e.g., a 10X probe will change the value +10 to 


+100). 
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Ty 
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Header 
CH<L1,L2,C1 


C2, R1 or R2> 
(cont) 


Legend: 
CH<L1, L2, C1, 
C2, R1 or R2> 

| COUPLING 
OFFSET 
BWHI 
NRx 
IMPEDANCE 


SENSITIVITY 


gstring 
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GPIB and RS-232-C Commands and Syntax 


Link Argument 


PROBE: <qstring> (query only) 

This query-only link returns a quoted 
string indicating what type of probe is 
connected to the input. Ifa Level 1 
TEKPROBE is connected, the query 
response is “Level 1." If a Level 2 
TEKPROBE is connected, the query 
response is "Level 2/<probe_type>/ 
<serial number>.” When neither 
Level 1 nor Level 2 TEKPROBE is 
connected, the query response is 
“NONE.” 


L, C, and R mean Left, Center, and Right plug-in 
compartments; 1 and 2 mean Channel 1 and Channel 2, 


respectively. 

Sets the specified channel input coupling. 

Sets the specified channel offset. 

Sets the HF Limit (band width) of the selected channel. 

Numeric representation. 

Sets the input impedance of the specified channel. 

Sets the deflection factor of the specified channel. Sensitivity is a 
channel-specific command which does not apply to compound 


waveforms. 


Quoted string data. 
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Display On/Off 


The 11A52 has only two front-panel controls—the display on/off buttons. 
Pressing a display on/off button will cause its channel, and signal, to be 
displayed or removed from the display (the function "toggles"). When a 
channel is displayed, its label (CH 1 or CH 2) will be lighted. 


Other Functions 


All other 11A52 functions are controlled within the 11401/11402 oscilloscope, 
and their operation is described in the 11401 and 11402 User's Reference 
manual. Table 3-1 shows where to find information about operating the 11A52. 


TABLE 3-1 
Functions And Where They Are Described 

Function Described under Heading! 
Vertical Offset Vertical Size and Position. 
Vertical Size (sensitivity) Vertical Size and Position. 
oni (AC DC, Off) Selecting Channel Coupling. 
Select 1 A52 Channel Displaying Waveforms (this is an eecaiios 

to pressing the 11A52 display on/off button.) 
Input hapedienne Selecting Channel Input Impedance. 
Offset Vertical Position. | 
BW selecting Channel Bandwidth Limit. 
Display Polarity Vertical Description. 


1Under Waveform Control in Section 2, Operating Information. 


1152 User's Reference Supplement 7 ; 11A52 3-1 


Vertical Offset 


The 11401 and 11402 oscilloscopes use offset to position the trace on the screen. 
In YT (signal vs. time) mode offset determines vertical position. However, in 
XY mode, when the plug-in unit provides the X component of the XY display, 
offset controls horizontal position. 


Offset is an input-signal-related-control, and its units are those of the input 
signal...usually volts. 


Offset subtracts a precision voltage from the input signal. To access the offset 
function, touch the double-ended arrow at the left edge of the screen. Control of 
offset is then assigned to the Lower Control knob. 


In the 11401 and 11402, changing the vertical deflection factor magnifies or 
compresses the displayed signal about screen center. Therefore, to examine a 
portion of the input signal in greater detail, use Vert Offset (the Lower Control 
knob) to position the area of interest to center screen. Next, use the Vert Size 
(the Upper Control knob) to adjust the display to the size needed for detailed 
examination. 


BW Limit 


Two four-pole (24 dB/octave) bandwidth limit (low-pass) filters are available 

for each 11A52 channel. The purpose of these filters is to reduce the amplitude 

of unwanted noise or interference occurring at frequencies above the frequency of 
the signal of interest. The user has a choice of cut-off (-3 dB) frequencies, 

either 20 MHz or 100 MHz, independently for each channel. The trigger, 
auxiliary trigger, and display signal bandwidths for a channel are always the 
same. The auxiliary trigger is the signal sent to the right plug-in compartment. 


DC Circuit Loading 


AC Coupling capacitors are connected differently in the 11A52 and 11A7]1 than 
in the 11A32 and 11A34. Figure 3-1 shows this difference. 


In the 11A52 and 11A71, the coupling capacitor isolates both the input = 
termination and the amplifier from external dc voltages. Avoid inadvertently 
selecting DC coupling if your circuit will be damaged by the resulting 50Q 
termination to ground. See Caution below. The coupling capacitor in the 11A32 
and 11A34 does not isolate the input termination from external dc voltages. 


When AC coupling is selected, the 11A52 coupling capacitor allows the user to 
test low-impedance circuits that are elevated in potential by up to 100 volts dc 
without loading the circuit at dc. Passive attenuating probes such as the P6056 
or P6057 eliminate the dc loading and lower the low-frequency —3 dB point. 
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DC Circuit Loading 


CH 


500) 
11A52, 11A71 


5002 
11A32, 11A34 


Figure 3-1. Location of AC coupling capacitors in plug-in amplifiers 


C5922-203 


In the Off Coupling mode the ac coupling capacitor precharges in about three 
seconds to the average dc voltage of the circuit being tested. Always use the 

Off mode when connecting the 11A52 input to a circuit that may have more than 
25 volts (the 11A52 peak input voltage rating) present. This will precharge the 
coupling capacitor. Wait a few seconds before selecting AC Coupling. 


The coupling capacitor is discharged upon removal of the external circuit. 


: CAUTION 


Always use caution when working uth voltages in excess of 25 volts. 


When the input coupling ts set to DC, a 50 Q termination resistance is 
connected directly from the 11A52 input connector to ground. Take care 
that the circuit connected to the 11A52 input will not be damaged by the 
50 Qload. 


Two ways of unintentionally invoking DC Coupling in the 11A52 are: 


1. Invoking Autoset, because the Autoset process starts by searching for 
a dc voltage, and 


2. Recalling a stored control setting that dictates DC Coupling. 
Switching coupling to DC when more than 25 V is present at the 11A52 
input will exceed the peak input voltage specification, and may damage 


the 11A52 input relay. A damaged relay could cause an error in 
calibration. 
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Adding and Subtracting Waveforms 


3-4 


—11A52 


The 11401 and 11402 mainframes do not allow the addition or subtraction of live 
waveforms without restriction. The reason for this lies in the manner in which 
samples are taken and used by the mainframe. Each plug-in compartment has 
an associated sampler in the 11401 or 11402. Samples are taken simultaneously 
by each sampler. A channel from one plug-in unit may be added to or subtracted 
from that of another plug-in unit accurately by virtue of this simultaneity. 

Thus noise and other signals unrelated to the trigger will be canceled when 
channels in different plug-in units are subtracted. 


Signals from different channels within a plug-in unit are sampled at different 
times. Signals that are entirely repetitive and related to the trigger signal 

may be successfully added or subtracted in spite of this. However, signals that 
are not repetitive or related to the trigger will not be sampled at the same 

time, and may not be displayed correctly. Therefore it is preferable that 
signals to be added or subtracted be selected from different plug-in 
compartments. 


The best common-mode rejection is obtained with a differential plug-in unit 
because its hardware subtracts the signals at its two inputs, passing only the 
result to the mainframe. 


Even when using channels from different plug-in compartments, the following 
two problems limit the accuracy of sums or differences: 


1. Each waveform in memory is constantly being updated, and therefore 
consists of some points that are "older" than others. Although samples 
may be taken simultaneously, there is a chance that a correct sample may 
be replaced in memory with a newer value before the waveform is 
processed and displayed. 


2. Delay differences between channels of different plug-in units due to probe 
cable length differences are normally removed by deskewing the probes 
and the associated amplifier channel. Samples are still taken 
simultaneously, but the display is manipulated to remove time 
differences. Signals correlated to the trigger signal are correctly restored 
to their proper time relationship, but there is no way for signals unrelated 
to the trigger to be corrected with this deskewing technique. High- 
frequency rejection of signals unrelated to the trigger is not improved by 
deskewing. 


The solution to both problems is to invoke averaging. The averaging process 
suppresses all signals and noise unrelated to the trigger. 
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Overdrive Recovery 


Overdrive occurs when any 11A52 channel is driven out of its linear range of 
approximately +15 divisions. 


The 11A52 has extraordinarily good overdrive recovery, and this feature may 

be used to greatly extend measurement resolution. For example, suppose a signal 
changes from -1.7 V to +0.8 V in 1 ns. The 11A52 could be used to determine if 

the signal stabilized immediately at +0.8 V or if perhaps had some small 
aberration following the transition. By setting the 11A52 offset to +0.8 V and 

the sensitivity to 1 mV /division, aberrations of just 0.1% of the original 

transition will be 2.5 divisions in amplitude (0.1% of 2.5 V is 2.5 mV or 2.5 
divisions at 1 mV /division). 


Any amplifier will ultimately reach an equilibrium value after an input step 
(although its accuracy will determine how far that equilibrium value is from 
the correct value). The 11A52 has the exceptional ability to settle quickly to 
within a very small fraction of equilibrium value. The time the 11A52 takes to 
settle to within a stated fraction of the equilibrium value is its overdrive 


recovery time. 
~ Measuring the overdrive recovery time of an 11A52 takes some care and can 
lead to some surprising results. An interesting experiment is to use a very flat 
pulse generator, such as the Tektronix PG 506, to pulse the 11A52. Connect the 
_ generator's fast-rise output to the 11A52 input through a short (one foot or less) 


coaxial cable. Adjust the pulse amplitude to 1 volt. Set the 11A52 sensitivity 
to 1 mV/division. Each division now represents 0.1% of the input signal. 
Trigger the oscilloscope and observe the recovery of the 11A52 using 50 

ns/ division sweep rate. Now increase the cable length by about three feet (for 
example, use a 42-inch length of RG-58 cable, Tektronix part 012-0057-01) and 
observe the new waveform. | 


The waveform change is due to skin effect loss in the longer cable. What is 
surprising is that the skin effect loss persists for over 200 ns even though the 
total cable delay is only5 ns. At 400 ns the loss is still 0.02%. 


This experiment shows the importance of using a short cable to test overdrive 
recovery. 


5002 Overload 


When the input voltage substantially exceeds 5 Vrms, the 11A52 will sense the 
overload and disconnect the 50 Q input termination. The mainframe will 
display the message: "Input channel N overload on LEFT/CENTER/RIGHT 
plugin,"where N = 1 or 2. 


— To reconnect the 50Q input termination, first correct the overload condition, 
then select AC or DC from the Coupling menu. 


11A52 User's Reference Supplement a 11A52 3-5 


“i npipc aaa 


Active Probes 


Using an active probe, such as the P6231, eliminates the possibility of AC 
Coupling. Coupling options available when using such a probe are Off and DC. 


Probe ID 


The Probe ID Function is the means of selecting how the 11401 or 11402 _ 
responds to an ID button-push of recommended probes. (The Probe ID 
Function is part of the Probes pop-up menu, which is selected from the 
Utilities major menu.) All, or some combination of the following operations 
may be set to respond to start in resonse to probe ID button(s). To display the 
Utility Menu, press the front-panel UTILITY button. For details, see the Probe 
Calibration and ID Function part of the Utilities subsection in the 11401 and 
11402 User's Reference manual. 


Pressing the probe ID button can initiate one or more of the following 


operations: _ 
1. Ifthe Probe ID function (in the Probes pop-up menu of the Utility 
major menu) is set to Sequence Settings, the next front-panel setting 
will be recalled. If the Probe ID Function is not set to Sequence — 


Settings, then operation 2 or 3, which involve a new waveform and 
waveform selection, will occur. 


If the Sequence Settings option is enabled, through the Probe ID Utility 
Menu, those settings can be sequentially recalled. The settings must be 
stored as explained under Storing and Recalling Waveforms in the 11401 
and 11402 User's Reference manual. — 


2. Ifthe Probe ID Function (in the Probes pop-up menu of the Utility 
major menu) is set to Waveform Select/New Wfm, a waveform will be 
selected. Figure 3-1 shows the sequence of decisions used to select a new 
waveform. 


3. Ifthe Probe ID Function is set to Wfm Select/New Wfm & Autoset, — 
then the decisions shown in Figure 3-2 will be made, and the resulting 
selected waveform is autoset. 


Events 1, 2, and 3 are mutually exclusive. Event 4 may be combined with any one 
of them. 


4. If the IDPROBE SRQMASK is enabled, an appropriate event will be 
returned to the GPIB and RS-232-C ports. 
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Probe ID 


PROBE ID N ACTUATED 


SINGLE CHANNEL 


SINGLE CHANNEL —_ WAVEFORM SELECTED 
WAVEFORM EXISTS CORRESPONDING TO 
CORRESPONDING TO ID N; KNOBS CONTROL 

ID N? ID N PARAMETERS 
COMBINATION 
SINGLE COMBINATION |, WAVEFORM SELECTED 


WAVEFORM EXISTS 
WITH IDNA 
COMPONENT? 


CORRESPONDING TO 
ID N; KNOBS CONTROL 
ID N PARAMETERS 


TOGGLE WAVEFORM 
SELECTION TO NEXT 
WAVEFORM IN LIST; 
AFTER SELECTION, 
KNOBS CONTROL ID N 
PARAMETERS 


MULTIPLE WAVEFORMS 
EXIST WITH ID N 
A COMPONENT? 


YES 


NO 


DEFINE WAVEFORM WITH 
ID N AS DEFAULT 
WAVEFORM 


NOTE:BOTH THE VERTICAL DESCRIPTION AND THE HORIZONTAL 
DESCRIPTION MUST BE CHECKED FOR THE OCCURRENCE OF ID N. 
C5922-303 


Figure 3-2. Sequence of decisions used to select anew waveform in response to 
probe ID button. 


Front-Panel Error Messages 


Message: Internal DAC overflow on channel N of LEFT, CENTER, or RIGHT 
plug-in unit, where N = 1 or 2. 


Cause: some plug-in unit detected that a requested setting overflowed an 
internal DAC. Such overflow usually indicates defective 
hardware. In this situation, the plug-in unit sets the DAC to the 
limit nearer the requested setting. 


Message: _ Bad Level 2 probe checksum on channel N of LEFT, CENTER, or 
RIGHT plug-in unit, where N = 1 or 2. 


Cause: some plug-in unit detected that a Level 2 TEKPROBE had failed 
or been improperly connected. 
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GPIB and RS-232-C Commands and Syntax 


The following commands set parameters of a specified channel. 


Header Link Argument 


CH<L1, L2, ACIDC1OFF 
C1, C2, 
aaa 
7 al : 
Volts/div Offset via Re2wC GPIB, via pede 
Range or Numeric Ent Control knob 
ImVto99.5mV | +1V 25E-6 ( Coarse: 0.25 div. ™ 
100mV to995mV | +10V 250E-6 Fine: 0.025 div. 
1Vto10V +100 V 2.5E-3 
BW: | <NRx> Bandwidth — 
<24F6 20E6 
>24E6 to <20E6 100E6 
>120E6 500E6, 11401 
600E6, 11402 = 
IMPEDANCE: <NRx> Impedance 
pews [oe | 8 
| SENSITIVITY:! Sensitivity Resolution 
(step size) 
1E-3 to 1.99E-3 10E4 _ 
2E-3 to 4.98E-3 20E-6 
5E-3 to 9.95E-3 —SOE-4 
10E-3 to 19.9E-3 100E-6 
20E-3 to 49.8E-3 | 200E-6 — 
50E-3to99.5E-3 |  SO0E-6 


100E-3 to 199E-3 1E-3 
200E-3 to 498E-3 2E-3 
500E-3 to 995E-3 5E-3 
1 to 1.99 10E-3 
2 to 4.98 20E-3 
5 to 10 50E-3 


| UNITS: <qstring> (query only) 


The 11A52 answers a Units query with a 
units status message, which indicates the 
units of conversion of a probe connected to 
its Ch N input. 


1The numbers listed are those available at the input connectors. Connecting an attenuating probe 
will change the value by the probe attenuating factor (e.g., a 10X probe will change the value +10 
to +100). 
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Header 
CH<L1,L2,C1 


C2, R1 or R2> 
(cont) 


Legend: 


CH<L1, L2, C1, 
C2, R1 or R2> 


COUPLING 
OFFSET 

BW 

NRx 
IMPEDANCE 


SENSITIVITY 


gstring 
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Link Argument 


PROBE: <qstring> (query only) 


This query-only link returns a quoted string 
indicating what type of probe is connected 
to the input. If a Level 1 TEKPROBE is 
connected, the query response is “Level 1." 
If a Level 2 TEKPROBE is connected, the 
query response is "Level 2/<probe_type>/ 
<serial number>.” When neither Level 1 
nor Level 2 TEKPROBE is connected, the 
query response is "NONE." 


L, C, and K mean Left, Center, and Right plug-in 
compartments; 1 and 2 mean Channel 1 and Channel 2. 


Sets the specified channel input coupling. 

Sets the specified channel offset. 

Sets the HF Limit (band width) of the specified channel. 
Numeric representation. 

Sets the input impedance of the specified channel. 

sets the deflection factor of the specified channel. Sensitivity is a 
channel-specific command which does not apply to compound 


waveforms. 


Quoted string data. 
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Part 4 


Specification 


Performance 
Conditions 


‘LTmV to99.5 mV 4(1.0% + 0.04div) 


The specifications that follow apply when the instrument is in the condition 

of Enhanced Accuracy. Enhanced Accuracy is initiated by pushing the 
ENHANCED ACCURACY button on the specific host mainframe after the 
system has reached thermal equilibrium, which requires 20 minutes warmup. 
Enhanced Accuracy is indicated on the crt display and remains in effect as long 
as the mainframe internal temperature change is less than 5° C from the 
temperature at which the calibration was performed. When the 5° C change 
does occur the accuracy condition becomes Not-Enhanced. In the Not-Enhanced 
condition those Characteristics that are temperature sensitive may not remain 
within the limits of these specifications. 


TABLE 4-1 
Electrical Characteristics 


Characteristic Performance Requirement 


DISPLAY 


DEFLECTION FACTOR (Sensitivity) 


Calibrated Range 1 mV to 10 V/div. 


Enhanced DC Accuracy], either polarity, any HF Limit of 11A52 in 
11301/11302 Mainframes, with on-screen cursors. 


Without Probes 


Volts/Div DC Balance DC Offset Acc. 


#(0.20mV + 0.13div) +(0.15% + 0.4mV) 


100 mV to 995 mV +(1.0% +0.04div) +(2mV + 0.13div) +(0.20% + 4mV) 


1Vtol10V 4+(1.0% + 0.04div) tQ20mV + 0.13div) +(0.20% + 40mV) 


With P6231 Probe calibrated from 11301/11302 Calibrator output 
VoltwDiv_____ DC Offset Acc. 


10 mV to 995 mV +(1.1% + 0.04div) +(QmV + 0.13div) +(0.15% + 2mV) 


21V 412% + 0.04div) +(20mV + 0.13div) +(0.15% + 2mV) 
Sc 


1 For absolute dc accuracy of single-point measurements using Offset, add the DC Offset Accuracy, 
DC Balance and AV DC Accuracy terms. Apply the AV DC Accuracy only to the difference between 
the Vertical Position setting and the measurement point. 
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Electrical Characteristics 


11A 


Electrical Characteristics 
Characteristic Performance Requirement poss 
DISPLAY (cont) 

DEFLECTION FACTOR (Sensitivity), cont. 

Enhanced DC Accuracy}, either polarity, any BW Limit, of 11A52 in 

11401 /11402 Mainframes. om 

Without Probes 

Volts/Div DC Offset Acc. _ 

I1mV to99.5mV | +(0.8% + 0.01] div) +(0.2mV + 0.10div) | +(0.15% + 0.4mV) 

100 mV to 995 mV +(0.8% + 0.0idiv) +QmvV + 0.10div) 4+(0.20% + 4mV) 

1Vto10V +(0.8% +0.0ldiv) | +20mV+0.10div) | +0.20%+40mv) 7 

With P6231 Probe calibrated from 11401/11402 Calibrator output _. 

Volts/Div |AVDCAcc. __| DCBalance _—_—i|_: DC Offset Acc. 

10mV to995mV +(0.9% + 0.01div) +2mvV +0.10div) | +(0.15% +2mvV) 

21V +(1.0% + 0.01 div) | +(220mV + 0.10div) | +(0.15% +2mV) 

a YS 

1For absolute dc accuracy of single-point measurements using Offset, add the DC Offset Accuracy, 

DC Balance, and AV DC Accuracy terms. Apply the AV DC Accuracy only to the difference 
between the Vertical Position setting and the measurement point. _ 
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Part 4—Specifica tion 


Electrical Characteristics 


TABLE 4-1 (cont) 


Electrical Characteristics 


Characteristic 


Performance Requirement 


DISPLAY (cont) 


DEFLECTION FACTOR (ensitivity), cont. 


Coarse Resolution 


Fine Resolution depends on 
Deflection Factor, as follows: 


1,2, 5 sequence. 


Rotating the Fine control one increment will change the Deflection Factor 
by 1% of the next more-sensitive Coarse setting. 


For example, with deflection factor set to 198 mV, rotating the Fine 

control counterclockwise will cause this sequence of sensitivities: 199 mV, 
200 mV, 202 mV, etc. Rotating the Fine control clockwise from 204 mV/div 
will cause the reverse sequence (202 mV, 200 mV, 199 mV, etc.). 


OFFSET 


Accuracy 


Range, Resolution depend on 
Deflection Factor, as follows: 
between 1 mV and 
99.5 mV/div. 


between 0.1 V 
and 0.995 V /div. 


between 1 V and 
+10.0 V/div. 


11A52 User's Reference Supplement - 


see Deflection Factor Accuracy, which 
precedes this characteristic. 


+1 V. Coarse and fine resolution are 
0.25 div. (250 nV) and 0.025 div. (25 pV), 


respectively. 


+10 V. Coarse and fine resolution are 
0.25 div. (2.5 mV) and 0.025 div. (250 pV), 
respectively. 


+100 V. Coarse and fine resolution 
are 0.25 div (25 mV) and 0.025 div 
(2.5 mV) respectively. 
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TABLE 4-1 (cont) 
Electrical Characteristics 

Characteristic Performance Requirement 

DISPLAY (cont) 

FREQUENCY RESPONSE 

High Frequency Limit, 

(-3 dB point) and Calculated 

Rise Time of Display, Auxiliary, 

& Trig signals Type of Mainframe 
Volts/Division 11301 11302 11401 11402 
210 mV 350 MHz} 400 MHz 500 MHz] 600 MHz 

1.0 ns 0.9 ns 0.7 ns 0.6 ns 
5 mV-9.95 mV | 350MHz!} 400 MHz] 450 MHz] 500 MHz 
1.0 ns 0.9 ns 0.8 ns 0.7 ns 
2 mV-4.98 mV 300 MHz} 300 MHz! 350 MHz | 400 MHz 
1.2 ns 1.2 ns 1.0 ns 1.4 ns 
1 mV-—1.99 mV 200 MHz} 250 MHz] 250 MHz! 250 MHz 
| 1.8 ns 1.4 ns 1.4 ns 


High Frequency —3 dB point 
100 MHz Limit 
20 MHz Limit 
Low Frequency —3 dB point, 
ac coupled Display, Trig, 
and Auxiliary signals 
STEP RESPONSE 
Overdrive Recovery Time! 


1 mV to 99.5 mV /div. 

(for signals up to +2 V peak) 
100 mV to 995 mV/div. 

(for signals up to +20 V peak) 


1 V to 10 V/div. 
(for signals up to +25 V peak) 


100 MHz +30%. 


| 20 MHz +30%. 


1 kHz maximum. 


| <20ns to within (0.1% of signal 
| +0.2 division). 


| <20 ns to within (0.1% of signal 
| +(0.2 division). 


| <20ns to within (0.1% of signal 
| +0.2 division). 


1.4 ns 


1Cable losses greatly increase the overdrive recovery time as cables are lengthened. See the 


discussion on pages 2-5 and 3-5. 
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—_ Electrical Characteristics 


TABLE 4-1 (cont) 
Electrical Characteristics 
Characteristic Performance Requirement 
INPUT CHARACTERISTICS 
Maximum Input Voltage, > Vrms (0.5 W) or 0.5 watt-second pulses 
AC or DC Coupled, not exceeding 25 V peak. 
Maximum DC Input Voltage, <100 V (dc+peak ac). 


AC Coupled CAUTION 
Signals of more than 25 V peak amplitude 
must be connected with the input coupling 
set to OFF so that the input coupling 


capacitor ts precharged. 
Input Disconnect Threshold 4 Vrms minimum to 6 V rms maximum. 

7 Power-Down Condition 90 Q terminations disconnect when 11A52 
is powered down. 

Impedance (dc coupled) 50 Q within 0.5%, VSWR < 1.25:1 from dc 
to 500 MHz. 

- Impedance (ac coupled) 50Q +1% in series with at least 2.2 uF, 
with 500 kQ to ground. VSWR < 1.25:1 
from 100 kHz to 500 MHz. 

Input Bias Current 1.2 pA maximum. 
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Electrical Characteristics 


TABLE 4-1 (cont) 
Electrical Characteristics 
Characteristic Performance Requirement 
MISCELLANEOUS 
Typical Noise 
1.0 mV to 1.99 mV /div 0.087 div, rms. 
2.0 mV to 4.98 mv/div 0.04 div, rms. 
5.0 mV to 9.95 mV /div 0.02 div, rms. 
10.0 mV to 99.5 mV /div 0.012 div, rms. 
100 mV to 995 mV/div 0.012 div, rms. 
1.0 V to 10.0 V/div 0.012 div, rms. 
DC Drift with Temperature 20 npV/°C, or less, at any sensitivity.! 
Channel Isolation Atleast 50:1 display ratio2, any Coarse 
Volts/div setting, dc— 600 MHz. 
Common Mode Rejection Ratio | Atleast 20:1, dc to 50 MHz, 10-div. 
reference signal on each input. 
Probe Compatibility The 11A52 is compatible with Level 1 and 


2 TEKPROBEs.° 


1Dc drift can be calibrated out by invoking a calibration (Enhanced Accuracy) at any specific 
operating temperature. 


Amplitude (div) x V/div (driven channel) 
2Display ratio =< —£@— — 
Error amplitude (div) x V/div (undriven channe]) 


STEKPROBE is Tektronix' name for the interface used with probes designed for the 11000-Series of 
oscilloscopes and plug-in units. TEKPROBEs have output connectors with one or more spring loaded 
coding pins. Two categories of TEKPROBEs are: 


Level 1 
A level 1 probe uses analog encoding to indicate the probe's scale factor to the plug-in unit. 


Level 2 
A level 2 probe uses an EEPROM to store data about the the probe's transfer units, scale factor, and 
output voltage scale factor. Such data are serially encoded, then stored in the EEPROM. The 


probe data is intended to be read once at instrument power-up or when the probe is first connected 
to a plug-in unit (that is, at probe power-up). 
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Environmental Characteristics 


TABLE 4-2 


Environmental Characteristics 


Characteristic 


Ambient temperature 
(External to main frame) 


Operating within specs. 

Nonoperating 
Humidity, Operating 
and Nonoperating 
Altitude 

Operating 

N ain 
Vibration 


Operating, installed on 
Flexible Extender 


Shock, Nonoperating (not 
installed in mainframe) 


Bench Handling (operating 
_ and nonoperating) 


Packaged Product Vibration 
and Shock 


Vibration and Bounce 
of Packaged Product 


Drop of Packaged 
Product 


Electromagnetic Compatibility 


1152 User's Reference Supplement 


Information 


0° to +50° C., mainframe ambient. 
—40° to +75° C. 


Five days, per MIL-T-28800C. Type III, 
class 5 as described in 3.9.2.2 and 


| 4.5.5.1.2.2. 


To 4,570 m (15,000 ft.). 
To 15,200 m (50,000 ft.). 


MIL-T-28800C, Sec. 4.5.5.3.1, type IIL, 
class 5. 


MIL-T-28800C, Sec. 4.5.5.4.1, type ITI, 
class 5. 


MIL-T-28800C, Sec. 4.5.5.4.3, type II, 
class 5. 


Meets ASTM D999-75, Method A 


(NSTA Project 1A-B-1). 
| Meets ASTM D775-61, Paragraph 5 
(NSTA Project 1A-B-2). 
MIL. STD. 461B. 
FCC Part 15, Subpart J, Class A. 
VDE 0871 /6.78, Class B. 
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TABLE 4-3 
Physical Characteristics 
Characteristic | Information 
Weight (max) 1 Ib. 14 oz. (851 grams). 


Weight of Packaged Product (max) | 4]lb.120z. (2.2kg). 


Dimensions (max) Refer to Figure 4-1. 


Recommended Probes 


11A52_ 


Tektronix recommends the P6231 Probe for use with the 11A52. It has the 


following characteristics: 


P6231 Low Impedance Subminiature 10X Active Probe. The P6231 has a 
bandwidth of 1.5 GHz, input impedance of 450 Q, and dc offset of +5 V 


controlled by the 11A52. The P6231 is a Level 2 probe. 
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AND BOTTOM FIGURES ARE IN INCHES. 


6114-401 


Figure 4-1. Dimensions of 11A52. 
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Part 5 


Incoming Inspection 


and Performance Verification 


This Performance Verification information may be used for Incoming Inspection 
of the 11A52 Two Channel Amplifier. 


Performance Verification 
using 11401/11402 Oscilloscopes 


The Performance Verification includes procedures for verifying the performance 
of characteristics not checked by the mainframe Performance Verification. 

Each procedure may be performed alone or as part of the complete sequence of 
tests. When checking the upper bandwidth, use an 11402 mainframe. 


CAUTION , 


To avoid instrument damage, set the mainframe ON/STANDBY switch to 
STANDBY before installing or removing any plug-in unit. 


When verifying two or more characteristics, follow the complete 11401 Setup 
procedure only when first turning on the 11401. For the second and later tests, 
start with part d. of the 11401 setup. Doing so will save time. 


Reference is made, throughout the Performance Verification, to vertical and 
horizontal icons. These icons are double-ended arrows. The vertical icon ( } ) 
appears at the left of the screen; the horizontal icon ( <-> ) appears above the 


screen. 


Minimum 
Description 


1. Test 
Oscilloscope 


2. Amplifier 
11A-series. 
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TABLE 5-1 
Test Equipment Required 
| Suggested 
Specifications Purpose Equipment 
| Bandwidth, Provide place Tektronix 11401 
dc-500 MHz. for 11A52 Digitizing 
to operate. Oscilloscope. 
Tektronix Trigger source Tektronix 11A32. 
for Overdrive 
Recovery test. 
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TABLE 5-1 (cont) 
Test Equipment Required -_ 
Minimum Suggested 
Description Specifications Purpose Equipment _ 
3. Sine Wave Produce 2 Vrms Check LF Tektronix FG 503 
Generator of 10 Hz into Response. Function Generator 
502. with power - 
| module. 
4.Sine Wave Reference fre- Test Common Tektronix SG 503 
Generator, quency, 50 kHz; Mode Rejection, Leveled Sine Wave 
Leveled, LF maximum fre- BW Limit, Generator with 
quency, 250 MHz; | Channel Isolation. | power module. 
amplitude, 1 V 
} into 50Q. 
5. Sine Wave Reference fre- Channel Tektronix SG 504 — 
Generator, quency, 6 MHz; Isolation. Leveled Sine Wave 
Leveled, HF maximum fre- Generator with 
quency, 600 MHz; | power module. 
amplitude, 4 V 
into 50 22. 
6. Calibration Amplitude, Provides fast Tektronix PG 506 _ 
Generator 5 V into 50 Q; rise signal Calibration 
) pulse mode: for Overdrive Generator with 
period, 0.1 ms. Recovery test, power module. 
Transient -_ 
Response with 
| BW Limit. 
7. Power Voltage | Check Input | Tektronix PS 503A 
Supply | continuously | Disconnect Dual Power Supply 
| variable from | Threshold and with power 
| 0-20 V; current Time. module. _ 
limit, adjustable 
| from 0-500 mA. 
8. Digital Make four-wire Check Input Fluke 8842A 
Multimeter resistance Resistance. Digital Multi- 
| measurements | meter. 
| of 50Q: 
| accuracy, $0.1%. 
9. Probe | Be compatible | Optional Level1 | Tektronix P6134 _ 
with Tektronix Probe test. Probe. 
| 11A-series 
| instruments; 10X. 
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Description 


10. Probe 


11. Adapter, 
BNC Female 

to Dual Banana 
(two needed) 


12. Adapter, 
BNC T 


13. Cables, 
Coaxial 
(three needed) 


14. Dual Input 
Coupler 


15. Feedthrough 
Terminator 
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TABLE 5-1 (cont) 
Test Equipment Required 

Minimum Suggested 
Specifications Purpose Equipment 

Be compatible Optional Level2 | Tektronix P6231 
with Tektronix Probe test. Probe. 
11A-series 

instruments; 10X, 
active, with 

probe-tip offset. 
Connectors: Check Input Tektronix Part 
bnc female, 1; Resistance. 103-0090-00. 
male banana, 

two on 3/4- 

inch centers. 

Connectors: Check Input Tektronix Part 
bnc male, 1; Resistance. 103-0030-00. 
bnc female, 2. 

Impedance: Connect signals. | Tektronix Parts: 
50 Q, connectors: 10": 012-0208-00; 
bnc male; length: 42": 012-0057-01. 
42-inch (2), 

10-inch (1). 

Impedance: Check Common __ | Tektronix Part 
50 Q; connectors: | Mode Rejection. 067-0525-02. 
bnc male, 2; 

bnc female, 1. 

Impedance: Check Input Tektronix Part 
50 Q; connectors, | Bias Current. 011-0049-01. 


bnc male, and 
female. 
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Common Mode Rejection Ratio 


Equipment Needed: © 11401 Digitizing Oscilloscope 
® SG 503 Leveled Sine Wave Generator 
e Dual Input Coupler 


e Coaxial Cable 
11401 Setup: a. Set the 11401 ON/STANDBY switch to STANDBY. 
b. Install the plug-in unit to be tested in the RIGHT compartment. 
c. Set the 11401 ON/STANDBY switch to ON. 
After the 11401 performs its power-on self-tests, 
d. Press the UTILITY button, then touch Initialize in the Utility menu. 
e. Press the MEASURE button, then touch Measurements in the Measure 
menu. 
f. | Touch Peak-Peak and RMS in the Measurements pop-up menu. 
g. Press the WAVEFORM button. 
SG 503 Setup: FREQUENCY RANGE (MH 2)..........ssssscssssesssssseeeesseees REF=.05 
BIEL E MULE LIER sssncnscsrscicacssesavatcessnnnsinetinacesiniecnes X1 
OUTPUT AMPLITUDE (VOLTS P-P)..............cccescssccccsscreeeees 2.5 
Connect a three-foot coaxdal cable to the OUTPUT of the SG 503, and connect 
the dual input coupler to the output end of the cable. 
Test Procedure: a. Connect the two outputs of the dual input coupler to the 11A52 CH 1 and 
CH 2 input connectors. 
b. Press the CH 1 display on/off button to tum on its display. 
c. | Touch the vertical icon, then set CH 1 Vert Size to 200 mV /div. 
d. Press the CH 2 display on/off button to turn on its display. 
e. SetCH 2 Vert Size to 200 mV /div. 
f. Press the CH 2 display on/off button to turn off its display. 
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Touch the horizontal icon. 
Set the Main Size to 5 ps/div. 


Press the MEASURE button. 
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Performance Verification using 11401 /11402 Oscilloscopes 


j. | Adjust the SG 503 OUTPUT AMPLITUDE so that the 11401 RMS readout is 
600 mV. 


k. Pressthe WAVEFORM button. 
1. | Touch Vertical Desc in the Waveform menu. 
m. Inthe Vertical Description menu, touch the following items in sequence: 
— (minus sign), R2, and Enter Desc. 
This describes the desired display as "R1-R2." 


n. Touch Acquire Desc in the Waveform Menu. 


0. Touch Average N in the pop-up menu. 


p. Press the MEASURE button. 


q. CHECK—that the 11401 RMS readout is 30 mV or less (1/20 of 600 mV). 


r. Change the SG 503 FREQUENCY RANGE (MHZ) to 25-50, and adjust the 
FREQUENCY VARIABLE for a FREQUENCY MHz readout of 50.0. 


s.  Presseither CH 1 or CH 2 display on/off button to turn off the composite 
display. 


t. | PressCH 1 display on/off to turn on Channel 1. 
~— u. Change the 11401 Main Size to 10 ns/div. 


v. Adjust the SG 503 OUTPUT AMPLITUDE until the 11401 RMS readout is 
600 mV. | 


w. Pressthe WAVEFORM button. 


x. Touch Vertical Desc in the Waveform menu. 


y- __ In the Vertical Description menu, touch the following items in sequence: 


— (minus sign), R2, and Enter Desc. 


This describes the desired display as "R1-R2." 


Zz. | Touch Acquire Desc in the Waveform Menu. 


aa. Touch Average N in the pop-up menu. 


bb. Touch Acquire Desc to remove the pop-up menu. 


cc. Pressthe MEASURE button. 


dd. CHECK—that the 11401 RMS readout is 30 mV or less (1/20 of 600 mV). 
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Bandwidth Limit Filters 


Equipment Needed: © 11401 Digitizing Oscilloscope 
e SG 503 Leveled Sine Wave Generator 
® Coaxial Cable ome: 


11401 Setup: a. Set the 11401 ON/STANDBY switch to STANDBY. _ 
b. Install the plug-in unit to be tested in the RIGHT compartment. 
c. Set the 11401 ON/STANDBY switch to ON. -_ 


After the 11401 performs its power-on self-tests, 


d. Press the UTILITY button, then touch Initializeinthe Utilitymenu. tits 
e. Press the MEASURE button, then select Measurements from the Measure 

menu. = 
f. | Select Peak-Peak from the Measurements menu, then exit the Measure- 

ments pop-up menu. _ 


g. Set the Main Size to 1 ps/div. 


h. Press the WAVEFORM button. 


SG 503 Setup: FREQUENCY RANGE (MBHZ)............ccccssscccsssccnscccssssccesescres D-1 — 
FREQUENCY VARIABLE.............. to produce a reading of .48 to 
52 of the FREQ MHz indicator 
PIR EE EAI TLE able stickccavincantacinnitaantiersantoinsnsnionsmeniss X1 = 
Test Procedure: a. Press the CH 1 display on/off button, then connect a coaxial cable from the 


SG 503 OUTPUT connector to the CH 1 input connector. 


b. Set CH 1 as follows: 
WORE Si Ze wiacasacscnseiccisecsccnawiasaedersseaceedessvanceccauuneceeie 500 mV /div 


c. Press the MEASURE button on the 11401, then adjust the SG 503 OUTPUT 
AMPLITUDE until the Peak-Peak readout is 4.00 +0.05 V. 


d. Set the SG503 Frequency to70MHzand the 11401 MainSizetoSns/div. 
e. CHECK—that the Peak-Peak readout is greater than 2.86 V. a 
f. Set the SG 503 Frequency to 130 MHz. 

CHECK—that the Peak-Peak readout is less than 2.80 V. — 


h. Set the CH 1 BW Limit to 20 MHz. 
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Performance Verification using 11401/11402 Oscilloscopes 


CHECK—that the Peak-Peak readout is less than 100 mV. 


Set the SG 503 Frequency to 14 MHz and the 11401 Main Size to 10 ns/div. 


CHECK—that the Peak-Peak readout is greater than 2.86 V. 

Set the SG 503 Frequency to 26 MHz. 

CHECK—that the Peak-Peak readout is less than 2.80 V. 

Press the CH 1 display on/off button to turn off the CH 1 display. 


Repeat steps a through n for the other channel. 
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Performance Verification using 11401 /11402 Oscilloscopes 


Optional Level 1 Probe Test 


Equipment Needed: © 11401 Digitizing Oscilloscope 
e 10X Passive Probe (e.g., P6134) 


11401 Setup: a. 
b. 


C. 


Set the 11401 ON/STANDBY switch to STANDBY. 
Install the plug-in unit to be tested in the RIGHT compartment. 


Set the 11401 ON/STANDBY switch to ON. 


After the 11401 performs its power-on self-tests, 


d. 


Test Procedure: a. 
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Press the UTILITY button, then touch Initialize in the Utility menu. 


Press the CH 1 display on/off button. 


Connect a probe to the CH 1 input connector. CHECK that the vertical | 
size changes to 10 V/div. 


Connect the probe tip to the CALIBRATOR terminal on the 11401 front 
panel. 


Press the UTILITY button, then touch Probes in the Utility major menu. 
Touch R1 (right, ch 1) in the Calibrate, Deskew, and Compensate part of 

the Probes menu. The calibration and deskewing process will take about 

30 seconds. 

CHECK—for the displayed message Perform Probe Compensation 
Procedure Touch Menu Entry to Continue, which indicates successful probe 
calibration. 

Disconnect the probe from the CH 1 input. Touch Select Next Chan if 
another channel must be tested or Exit Comp if all channels have been 

tested. 


Repeat parts a through g for the other channel. 
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Performance Verification using 11401/11402 Oscilloscopes 


Optional Level 2 Probe Test 
Equipment Needed: © 11401 Digitizing Oscilloscope 
© 10X Active Probe (e.g., P6231) 
11401 Setup: a. Set the 11401 ON/STANDBY switch to STANDBY. 
b. Install the plug-in unit to be tested in the RIGHT compartment. 
c. Set the 11401 ON/STANDBY switch to ON. 
After the 11401 performs its power-on self-tests, 


d. Press the UTILITY button, then touch Initialize in the Utility menu. 


Test Procedure: a. Connect the probe to the CH 1 input connector. 
b. Press the CH 1 display on/off button. 


c. Connect the probe tip to the CALIBRATOR terminal on the 11401 front 
panel. 


d. Pressthe UTILITY button, then touch Probes in the Utility major menu. 


e. Touch R1 (right, ch 1) in the Calibrate, Deskew, and Compensate part of 
the Probes menu. The calibration and deskewing process will take about 
30 seconds. 


f. . CHECK—for the displayed message Perform Probe Compensation. 
Procedure Touch Menu Entry to Continue. This message indicates successful 
probe calibration and correct operation of the probe offset feature. 

g. Disconnect the probe from the CH 1 input. Touch Select Next Chan if 


another channel must be tested or Exit Comp if all channels have been 
tested. 


h. Repeat parts a through g for the other channel. 


11A52 User's Reference Manual a a ADDFEB1987 11A52 5-9 


Performance Verification using 11401 /11402 Oscilloscopes 


Input Bias Current 


Equipment Needed: © 11401 Digitizing Oscilloscope 
11401 Setup: a. Set the 11401 ON/STANDBY switch to STANDBY. 
b. Install the plug-in unit to be tested in the RIGHT compartment. 
c. Set the 11401 ON/STANDBY switch to ON. 
After the 11401 performs its power-on self-tests, 
d. Wait 20 minutes, then press the Enhanced Accuracy button. 
e. Press the UTILITY button, then touch Initialize in the Utility menu. 
Test Procedure: a. Press the CH 1 display on/off button. 
b. Set CH 1 as follows: 
EE Bt inarssicccaeeandininenienodineeen a 1 mV/div 
Bl Ean aeneannaniented 20 MHz 
c. | Touch Acquire Desc, then set Average N to On. 
d. Press the MEASURE button, then select Measurements and touch Mean. 
e. InMeasure menu, touch Compare & References. Set Compare to On, then 
touch Save Current Meas Values as References. 
f. | Connect a 50 © terminator to the CH 1 input connector. 
g. CHECK—that the AMean readout is no more than +30 nV. (Wait a few 
seconds for the measurement to settle.) _ 
Turn off CH 1 and repeat steps a through g for Channel 2. 
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Performance Verification using 11401/11402 Oscilloscopes 


Input Disconnect Time and Threshold 


Equipment Needed: © 11401 Digitizing Oscilloscope 
e PS503A Dual Power Supply 
e Coaxial Cable 
e Adapter, BNC Female to Dual Banana 
11401 Setup: a. Set the 11401 ON/STANDBY switch to STANDBY. 


b. Install the plug-in unit to be tested in the RIGHT compartment. 
c. Set the 11401 ON/STANDBY switch to ON. 
After the 11401 performs its power-on self-tests, 


d. Press the UTILITY button, then touch Initialize in the Utility menu. 


PS 503A Setup: a. Connect the BNC Female to Dual Banana Adapter to a coaxial cable. 


b. | Connect the dual banana adapter to the red and black connectors on the PS 
503A (connect adapter ground to PS 503A common). 


Test Procedure: a. Press the TRIGGER button, then set the Trigger characteristics as follows: 
MOde....sssssssccssssssssccsssssssssssssssceesssssssesssssssessssssssssssssssessse Auto 
SOG iciicd:tibsl nats Snicatnin sb atemasreiak ekawbanicbaebueleabiasausevestiaaieninnsimabhiies R1 
SAUER RENI ict sie eideeebetick nntealcaainekaenliianichadeiakenaaaedateieeaeeienitiiens DC 
i ciceninkinsiaceunepleab nck inetd acini natal gieiaagnmanNiaeanapen + 


b. Press the 11A52 CH 1 display on/off button, then touch the vertical icon. 


c. Set R1 Vert Offset to 5 V/div, then set the Vert Offset to put the trace two 
divisions below the center graticule line. 


d. Touch Level in the Trigger menu, then set the Trigger Level to +10 V 
(center graticule line). 


e. Touch the horizontal icon, then adjust the Main position control to align 
the trigger-point indicator arrow with the first vertical graticule line 
(one division from the left edge). 


f. Set the PS 503A as follows: 
+ Current Limit..............cccccccccecccecsccccccceccece eeneceuneeeee: Minimum 


g. Set R1 Coupling to Off, then connect the coaxial cable from the PS 503A to 
the CH 1 input connector. 
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h. CHECK—that the + Current Limit light on the PS 503A does not light. If 
the + Current Limit light does come on, the channel being tested is failing 
the Off Coupling mode. Have the instrument repaired by a qualified 
service person before proceeding. 


i. Set the PS 503A + Current Limit to Maximum. 
NOTE 


Read step m. before doing steps j, k, and l. 


j. | Press the TRIGGER button, then set Trigger Mode to Normal. 


k. | Touch the horizontal icon, then set Main Size to 10 ms/div. 


1. Press the WAVEFORM button, then set Coupling to DC. 


m. CHECK—that the following error message appears at the top. of the 
screen: “Input channel 1 overload on RIGHT plugin". 


NOTE 


Quickly disconnect the input from the PS 503A if the input channel does 
not disconnect after five (5) seconds. (Disconnect ts indicated by click of a 
relay and appearance of error message.) 


n. Touch Coupling in the major menu to remove the Coupling menu. 


o. CHECK—that the pulse displayed is about four divisions in amplitude 
and not more than 0.05 seconds (50 ms) in duration. See Figure 5-1. 


p. Set the 11401 Trigger Mode to Auto. 


q. Setthe PS503A +Volts output to Minimum. 


r. Set CH 1 as follows: 


Fe tenses St eee eentipneel ania 1 V/div. 
VET COSC iisisiiinasascsionsensaness to put the trace 2 div. below center 
Riles seabiii heise ebb ncnen bi eLselNanineninanegaanaaa tLe DC 


s. Press the MEASURE button, touch Measurements, then select Mid, and 
Exit Menu. 


t. | Observing the Mid readout, slowly increase the +Volts on the PS 503A to 
6.0 V. CHECK that the voltage (under MID) at which the input relay 
clicks and the error messages appears is between +4V and +6 V. Disconnect 
the input and set Coupling to DC. 


u. Repeat the test for negative polarity input by setting the PS 503A —Volts 
output to Min and connecting it to CH 1. 
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Performance Verification using 11401 /11402 Oscilloscopes 


35V 


CC Ce CC Sk C2 Sc CC OO OC OS 


lUmsdiv 96.ems 
6114-501 


Figure 5-1. Input voltage before and after disconnect. 

v. Position the trace two divisions above graticule center, then change the 
input voltage from 0 V to -6.0 V. CHECK that the relay disconnects and 
the error message appears when the input voltage (under Mid) is between 
—-4V and-6V. 


Repeat steps a through v for Channel 2. 
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Low Frequency Response 


Equipment Needed: © 11401 Digitizing Oscilloscope 
e FG 503 Function Generator 


® Coaxial Cable 

11401 Setup: a. Set the 11401 ON/STANDBY switch to STANDBY. 
b. Install the plug-in unit to be tested in the RIGHT compartment. 
c. Set the 11401 ON/STANDBY switch to ON. 


After the 11401 performs its power-on self-tests, 


d. 


e. 


FG 503 Setup: 


Test Procedure: a. 


f. 


Press the UTILITY button, then touch Initialize in the Utility menu. 
Press the MEASURE button, then touch Measurements. 
Touch Peak-Peak and Frequency in the Measurement menu. 


Set the 11401 Main Size to 500 ps/div. 


PRUE ae EdbiisiinnanainaRn aaa 10 +0.5 
FREQ VERNIER MULTIPLIER...................ccccccesccceccsececseeeee, 100 
LE AE iithtsetinidnciieintiniiandaiees midrange 
FUNCTION.............000 fully clockwise (its sine-wave position) 


Press the CH 1 display on/off button, then connect the output of the FG 503 
to the CH] input connector. 


Press the WAVEFORM button, then set CH 1 as follows: 
LA) dite) 4 <n een  ee aee 500 mV /div 


Press the MEASURE button, then adjust the FG 503 AMPLITUDE control so 
that the Peak-Peak readout is 4.00 V. 


Press the WAVEFORM button, then set CH 1 Coupling to AC. 


Press the MEASURE button, then CHECK that the Peak-Peak readout is 
greater than 2.83 V, and that the measured Frequency is 1 kHz. 


Turn off the CH 1 display. 


Repeat steps a through f for the other channel. 
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Overdrive Recovery 


Equipment Needed: -s« 


PG 506 Setup: PULSE AME i tinininicdieiinnaanas MAX 
RIES at nbrincaninddunsiahsacestunnsidsiassaeutidahdsinatinetnieinnpebsoniiiisis 0.1 ms 
PEF PR inti niiictoinninanasineie FAST RISE 
11401 Setup: a. Set the 11401 ON/STANDBY switch to STANDBY. 
b. Install the plug-in unit to be tested in the RIGHT compartment. 
c. Set the 11401 ON/STANDBY switch to ON. 
After the 11401 performs its power-on self-tests, 
d. Press the UTILITY button, then touch Initialize in the Utility menu. 
e. Connect the TRIG OUT of the PG 506 to the CH 1 input of the 11A32 in the 
LEFT compartment (L1). 
f. | Press the 11A32 CH 1 display on/off button. 
g. Set L1 as follows: 
TE Ta iiciserxiceniriiaensseisinapnenuanannpnaeiaen 
BW MMe scececcinswacscseneeswencsqetesecea sta ss eanseutteaceveteunepsseee 
RE a hvitinnireeeennensabnenininiinint seni epeniaatnte 
DECRG 
h. Adjust the Vert Offset so that the lower part of the waveform is one 
division above center. 
i. Press the TRIGGER button, then make the following settings: 
EN cicncanitntencacetcebeniinnkenkeananianmunestansininaumnabntiaeeam Auto 
PIECE csisaudsesusiiadss iene bpinenianehianieaaaennaaseniineeaanaNbeonaaaia Li 
GE ciscincnicsridandioninninnarermietiieixianieentikiakdnidaaaniel DC 
(0 6 | eRe eons nn enn penne ne enone Serer trrennereeretrsr errr rrr rt + 
Se isc creieiin tani nnencnnniibadiaentbicinaa aia 500 mV 
This setup provides stable triggering for the Overdrive Recovery Test. Leave 
L1 displayed throughout this test. Leave the Left 11A52 set just as it is; make 
no changes of any kind. 
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11401 Digitizing Oscilloscope 

PG 506 Calibration Generator 

11A32 for LEFT compartment of 11401 

10-inch, Coaxial Cable (Tektronix Part 012-0208-00) 
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Test Procedure: a. | Use the 10-inch coaxial cable to connect the center output of the PG 506 to 
the CH 1 input of the right 11A52. 
b. Press the WAVEFORM button, then press the 11A52 CH 1 display on/off 
button. ome 
c. Set R1 as follows: 
PR POC susie nonin lincecinaaevnl ginltedacoi aban diagicianesalieaeieeaibeeneMa~naie DC _ 
SEY Fianna eae 200 mV /div - 
ONE A iedineairenieininaanaanbnemrinas, 500 MHz 
e. Set the PG 506 PULSE AMPLITUDE to produce a five-division display. 
Use Vert Offset to put the top of the waveform at vertical center. 
f. | Adjust the Main Position of the R1 display so that the 50% point of the 
transition aligns with the first vertical graticule line (one division to the 
right of the left edge of the screen). 
g. Set R1 as follows: 
Oe SE iienieneeinnietienaen 1 mV/div | 
Vb 0 Wino) 7 < ea rr ee ar 10 us/div _ 
h. Set R1 Vert Offset to bring the top of the waveform to screen center. 
i. Set Main Size to 10 ns/div. 
j. |. CHECK—that the R1 waveform is within the limits given in Table 5-1. 
TABLE 5-1 
Allowable Divergence from Center Graticule Line 
Time! Main Size Limits” | — Cable3 7 
| Maximum Minimum Losses 
20ns | 10ns/div | +0.1div. -19div. | 09% ~ 
30 ns 10 ns/div +0.3 div. -1.7 div. 07% 
40 ns 10 ns/div +0.4 div. —1.6 div. 06% 
50 ns 10 ns/div +05 div. —1.5 div. 05% _ 
60 ns 10 ns/div +0.6 div. —1.4 div. 04% 
70 ns 10 ns/div +0.6 div. —1.4 div. 04% 
80 ns 10 ns/div +0.6 div. —1.4 div. 04% 
90 ns 10 ns/div +0.7 div. —1.3 div. 03 % ans 
100-200 ns | 50ns/div +08 div. —1.2 div. 02% 
200-400 ns | SOns/div +0.9 div. —1.1 div. 01% 
>500 ns >50ns/div | +10div. | -1.0div. <.01% _ 
1Time after the trigger point, which is the first division to the right of the left edge of the screen. 


2Cable losses for the 10-inch cable are included in these limitation. 
3For information only. 
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Performance Verification using 11401/11402 Oscilloscopes 


Change the Main Size step-by-step from 100 ns toward 5 ps/div, and 
CHECK that the top of the R1 waveform is within +1.0 mV of screen 
center at each setting. 

Turn off the Channel 1 display. 


Repeat steps a through | for the other channel. 
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Transient Response with Bandwidth Limits 


Equipment Needed: © 11401 Digitizing Oscilloscope 
e PG 506 Calibration Generator 


¢ Coaxial Cable 

11401 Setup: a. Set the 11401 ON/STANDBY switch to STANDBY. 
b. Install the plug-in unit to be tested in the RIGHT compartment. 
c. Set the 11401 ON/STANDBY switch to ON. 


After the 11401 performs its power-on self-tests, 


d. 


e. 


PG 506 Setup: 


Test Procedure: a. 


£- 


Press the UTILITY button, then touch Initialize in the Utility menu. 


Press the MEASURE button, then touch Measurements in the Measure 
menu. 


Touch Rise, then touch Exit Menu. 


Set Main Size to 2 ns/div. 

PULSE AMPLITUDEE...............ccscssscsscccsccscccccesceccccssccscccees MAX 
PO scenes cescewt cess naescwsuns see susneess esesdwennccosdauasenenvecacsress! 1 jis 
FE Cas sant rchisenireensinaisaenisenapiiesnniientaeenss FAST RISE 


Press the CH 1 display on/off button, then connect the output from the 


PG 506 center connector (—1 V to 0 V Fast Rise) to the CH 1 input connector. 


Press the WAVEFORM button, then set R1 as follows: 
NOE S12 cs cecaconscwacesveaneiscasausseacecesvadeuccussvaucosecasinees 200 mV /div 
OV APNE oes cccceecdecacacccecscecewscuacescoceehesceisceecensiawececeanwce: 100 MHz 


Adjust the Vert Offset and Main Pos controls to produce a triggered 
display with the 50% point of the positive transition at the intersection 
of the third horizontal and center vertical graticule lines. 


Press the MEASURE button and CHECK that the Rise readout is between 
2.45 and 4.55 ns. 


Press the WAVEFORM button, then set R1 BW Limit to 20 MHz and Main 
Size to 10 ns/div. 


Press the MEASURE button and CHECK that the Rise readout is between 
12.3 and 22.7 ns. 


Turn off the CH 1 display. 


To test the other channel, set Main Size to 2 ns/div, then repeat steps a - g. 
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Performance Verification using 11401/11402 Oscilloscopes 


Equipment Needed: © 11401 Digitizing Oscilloscope 


11401 Setup: a. 
b. 


C. 


Set the 11401 ON/STANDBY switch to STANDBY. 
Install the plug-in unit to be tested in the RIGHT compartment. 


Set the 11401 ON/STANDBY switch to ON. 


After the 11401 performs its power-on self-tests, 


d. 


e. 


Test Procedure: a. 


11A52 User's Reference Manual 


Press the UTILITY button, then touch Initialize in the Utility menu. 


Press the MEASURE button, then touch Measurements in the Measure 
menu. 


Touch Default Parameters, then set Data Interval to "whole zone." Touch 


Measurement Functions, then touch Mean and RMS Amplitude. Touch Exit 
Menu. 


Press the CH 1 display on/off button. 


Press the WAVEFORM button, then set controls as follows: 


TOES Fe iiisttenerisinsiohnnisiaabniimannanN 1 mV/div 
NS Friars eneinnenesldedieneaanaiananidtohes OV 
CIEE, ciinindhaieshinaanamisecanbekesknniceenisienobaiataknbuneeainamenieas Off 
DIT: S10 aces cece ec teea seen essszssacaceseseccecsascses-cesseyeeceaees: 50 ps/div 
Acquire Desc | 

BOk itis ionamin 6A 

PROTA RS WNisiccscecesisxerersiieatvianenes icine ides saaaguoneisainiadnaes On 
Vertical DeSCTIption...............ccscccccccccesccreccseveees R1-Avg(R1)+0 


(When you touch Vertical Desc, 

the description at the top left of 

the screen will show Avg(R1). 
Touch Back Space three times to 
remove Avg(R1). Then set Vert Desc 
to Rl-Avg(R1)+0. To test CH 2, 
enter R2 instead of R1.) 


Wait for the instrument to perform 64 averages, then press the MEASURE 
button. 


CHECK—that the amplitude of averaged noise is <0.6 div. at 200 pV/ 
div (120 pV). 


Repeat steps a, b,c, and d for Channel 2. 
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Channel Isolation 


Equipment Needed: © 11401 Digitizing Oscilloscope 
e SG 503 Leveled Sine Wave Generator 
e SG 504 Leveled Sine Wave Generator 


e Coaxial Cable 
SG 503 Setup: AMPLITUDE MULTIPLIER...................scccsssecccssccccssccessescees X.1 
OUTPUT AMPLITUDE VOLTS P-P...............ssccccssssseeeccesssecs 0.8 
FREQUENCY RANGE (MH2)...........ccssccosscsssccesccessenssceesess 5-10 
FREQUENCY VARIABLE................004. to produce a readout of 6 
11401 Setup: a. Set the 11401 ON/STANDBY switch to STANDBY. 
b. Install the plug-in unit to be tested in the RIGHT compartment. 
c. Set the 11401 ON/STANDBY switch to ON. 
After the 11401 performs its power-on self-tests, 
d. Press the UTILITY button, then touch Initialize in the Utility menu. 
Test Procedure: a. Connect the SG 503 Output (or equivalent) to the CH 1 (R1) input 
connector. 
b. Press the CH 1 button, then set R1 as follows: 
TE BRO itt ei 100 mV /div 
Be Ea ss sirnsk ch ca naatisienincd oa Aibscisea nada salinhaiancharyes pubbinicpiie else taabiieeniaiontad DC 
Be Seances nintimenssemdeninies 500 MHz 
NOI SIZ eisiisivisnici neonates Nes GI 
c. Adjust the SG 503 Output Amplitude to produce an eight-division display. 
d. Press the CH 2 display on/off button to turn on the R2 display. 
e. Set R2 as follows: 
EE et akerieriiinrecinindioniiavirnddindbnaacinaieeeeeinpntanl 10 mV/div 
ee NINN essai eivousican side ebidinbe se bninuiriniaeabipnntamreenebenibicuaua ene Off 
f. | Touch Coupling in the Waveform menu to remove the display. 
g. Vary the SG 503 FREQUENCY VARIABLE control until the 
FREQUENCY MHz readout is 10 MHz. While doing so, CHECK that the 
amplitude of the CH 2 display does not exceed 1.6 division. The 1.6 
division is 1/50 of the amplitude displayed on CH 1. 
h. Set the SG 503 FREQUENCY RANGE MHz control to 10-25. 
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Performance Verification using 11401/11402 Oscilloscopes 


h. Set the SG 503 FREQUENCY RANGE MHz control to 10-25. 


1. Vary theSG 503 FREQUENCY VARIABLE control from 10 MHz to 
- 25 MHz. While doing so, CHECK that the amplitude of the CH 2 display 
= does not exceed 1.6 division. 


j.  Setthe SG 503 FREQUENCY RANGE MHz control to 25-50. 


k. Vary the SG 503 FREQUENCY VARIABLE control from 25 MHz to 
90 MHz. While doing so, CHECK that the amplitude of the CH 2 display 
does not exceed 1.6 division. 


I. Set the SG 503 FREQUENCY RANGE MHz control to 50-100. 
m. Vary theSG 503 FREQUENCY VARIABLE control from 50 MHz to 
= 100 MHz. While doing so, CHECK that the amplitude of the CH 2 
display does not exceed 1.6 division. 


n. Set theSG 503 FREQUENCY RANGE MHz control to 100-250. 


o. Vary theSG503 FREQUENCY VARIABLE control from 100 MHz to 
250 MHz. While doing so, CHECK that the amplitude of the CH 2 
a display does not exceed 1.6 division. 


; p. Disconnect the SG 503 Output from the 11A52 CH 1 input. 


q. Connect the SG 504 Output Head to the 11A52 CH 1 input. 
r. Set the SG 504 as follows: 


— RANGE buttons 
RF sececovccsveccusvawascnccvecinuscuessccesccseussesereseacceuasessenees Pressed in 
FPREOUEINCGY (MEI vrsvcveccscscavesscsenecevasanecnsucessccsconeseseseewnesses 245 


s. | CHECK—that the CH 1 display is eight divisions at 6 MHz. 
t. | PushtheSG 504 LOW RANGE button. 


u. Manually change the SG 504 from 245 MHz to 600 MHz. While doing so, 
CHECK that the amplitude of the CH 2 display does not exceed 1.6 
division at any time. 


Repeat steps a-u by applying the signal to CH 2 and observing isolation from 
CH 1. 
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Input Resistance 


Equipment Needed: © 11401 Digitizing Oscilloscope 
e Digital Multimeter with four-wire measurement capability and accuracy of 
at least 0.1% on 1 MQ range (e.g., Fluke 8842A) 
e Adapter, BNC Female to Dual Banana (2 needed) 
e Adapter, BNC 'T _ 
e Coaxial Cable, 42-inch (2 needed) 


DMM Setup: a. Set the DMM to measure 50 © (on the Fluke 8842A, press the 200Q/mV - 
button). 


b. Plug the two bnc female to dual banana plug adapters into the Input and —ee 
Sense connectors. Orient the adapters so that the common sides enter the 
Lo terminals. 


c. Connect a coaxial cable to the bnc connector on each adapter. 


d. Connect the two coaxial cables from the Fluke 8842A to the two female 


connectors of the bnc T adapter. “— 
11401 Setup: a. Set the 11401 ON/STANDBY switch to STANDBY. -_ 
b. _ Install the plug-in unit to be tested in the RIGHT compartment. 
c. Set the 11401 ON/STANDBY switch to ON. = 
After the 11401 performs its power-on self-tests, 


d. Press the UTILITY button, then touch Initialize in the Utility menu. 


Test Procedure: a. Connect the bnc T adapter to the 11452 CH 1 input connector. 


b. CHECK—that the input impedance is 50 2 +0.25. 


c. Repeat steps aand b for CH 2. 
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Deflection factor The ratio of input signal to response in the 11000 
system. The reciprocal of sensitivity. 


Display on/off button The front-panel, plug-in button that designates a 
channel for display, or removes a channel from the 
display. 


Mainframe Any 11000-series oscilloscope exclusive of plug-in 
units. 


™ Offset A control that allows the user to subtract a precision 
voltage from the input signal to vary the position of 
the displayed signal. 


ON/STANDBY The front-panel power control on 11000-series 
mainframes. When set to ON, applies operating 
power to all circuits. When set to STANDBY, the 
mainframe dc power supply supplies power to the 
counter-timer crystal oven (Option 1T). 


Overdrive A condition in which amplifiers are driven into a non- 
linear operating range. Typically many divisions off 
screen. 

™ Overload The condition existing when a potentially damaging 


voltage is applied to the input connector. 


Toggle To switch alternately between two functions (e.g., on 
and off). 
saaeaia 
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- Appendix B—Instrument Documentation 
1. Introducing the 11301 and 11302 Programmable Oscilloscopes. This book 
helps the new user learn the concepts of the 11301 /11302 and its operation. 


2. Introducing the 11401 and 11402 Digitizing Oscilloscopes. Intended for 
new users, this book explains the concepts of the 11401/11402 and its 
operation. 


3. 11301 and 11302 User's Reference manual contains detailed information 
about measurements the instruments can make, and instructions about how 
™ to set the oscilloscope to perform such measurements. Also, installation 
instructions, specifications, description of options, and details about using 
the 11301 /11302 with the GPIB and RS-232-C interfaces are included 
ion here. 


4. 11401 and 11402 User's Reference manual—similar to item 3 for the 
11301/11302, the definitive word about the 11401/ 11402. 


5. 11301 and 11302 Pocket Reference is a short-form reference. The Pocket 
Reference gives menus and a brief description of functions selected. 
External interface commands are listed with their basic syntax, and a list 
of error and warning messages is included. 


6. 11A52 Service manual includes information needed to check and adjust, 
perform diagnostic troubleshooting, repair, and otherwise service your 
instrument. 
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SEND TO: TEKTRONIX, INC. 11000-SERIES OSCILLOSCOPE 


LAB INSTRUMENTS MARKETING SUPPORT 
= P.O. BOX 500, DEL STA 39-327 PROBLEM REPORT 


BEAVERTON, OREGON 97077 


A INSTRUMENT CONFIGURATION: 


Instrument ROM (Version) ID # (Serial Number) 


Option Information 


OM PANY INA a REASON FOR REPORT 
USER: C) Hardware/Mechanical Problem 
Be DRS O) Software/Firmware Problem 
a OY gcc a A eee CIPS eee CL) Documentation Problem 
—- PHONE: SCSCEXTENSSIONN; ___SSS—S—SCSYC@D Surggeested Enthancemeent C 


IS THE PROBLEM REPRODUCIBLE? 


oy OEM ee ol Os) Gn eee ce eee) /. <<) geen vaeeenneaenn ames ener mr C) Yes O) No UJ Intermittent 
SYSTEM DESCRIPTION: (Hardware, software, firmware and host related to the problem) 
aia! 
D 
DESCRIPTION OF PROBLEM: 
eran, 
E 


LIST ENCLOSURES: 


This form may be reproduced 


on: 001-0731-00D 


IT. 


IIT. 


IV. 


VI. 


VII. 


VION. 


PR LOG 


Instructions For Completing The Problem Report 


Please type or print clearly. Use a separate Problem Report (PR) for each problem. 


SECTION A 
Fill in the instrument configuration table, including all plug-in units, modules, and probes installed in the 
oscilloscope. The information can be found in one of the menus under the UTILITY major menu. 


Instrument: Write the instrument name (e.g., 11301, 11401, 11A32, etc.). 


Section (Microprocessor Subsystem): If the instrument has more than one section write the section name. 
For plug-ins, write in which mainframe slot they are located (e.g., left, center, right). 


ROM (Version): Write the rom version number for each instrument and section. Instruments with more than 
one section will have more than one version number. 


ID# (Serial Number): Write the serial number for each instrument. At the factory the ID number is pro- 
grammed to be the instrument’s serial number. If this value has been changed, please write the serial number 
physically attached to the instrument (mainframes: front panel, plug-in units: top rail). 


SECTION B 
Use the complete company mailing address. Include the name and phone number of the person reporting the 
error. Also, be sure to fill in the name of the person submitting the PR. 


SECTION C 
Check the reason for the report and whether the problem is reproducible. We cannot fix a problem when we 
cannot reproduce the problem condition. 


SECTION D 
Give a complete description of the system configuration on which the problem occurred. Include related 
peripherals, interfaces, options, special switch and/or strap settings and operating system. 


SECTION E 

Describe the problem completely. Include any information which might help in evaluating the error with the 
PR. If you have determined a procedure to avoid the error condition, please include this procedure. If this 
problem prevents you from accomplishing any useful work with the product, please state this fact. Be sure to 
include with the PR any information (programs, listings, hard copies, etc.) which will help us duplicate your 
problem. 


SECTION F 
This section is for use by Tektronix Lab Instruments Marketing Support personnel. DO NOT WRITE IN 
THIS SPACE. 


Mail all copies of the Problem Report to: 


TEKTRONIX, INC. 

LAB INSTRUMENTS MARKETING SUPPORT 
P.O. BOX 500, DEL STA 39-327 

BEAVERTON, OREGON 97077 


INTERNAL USE ONLY 
(DO NOT WRITE BELOW THIS LINE) 


MANUAL CHANGE INFORMATION 


At Tektronix, we continually strive to keep up with latest electronic developments 
by adding circuit and component improvements to our instruments as soon as they 
are developed and tested. 


Sometimes, due to printing and shipping requirements, we can’t get these 
changes immediately into printed manuals. Hence, your manual may contain new 
change information on following pages. 


A single change may affect several sections. Since the change information sheets 
are carried in the manual until all Changes are permanently entered, some 
duplication may occur. If no such change pages appear following this page, your 
manual is correct as printed. 
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